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SUMMARY 

This is a report of a study in which cuffs of biodegradable copolymers were placed 
about ulnar and peroneal nerves in legs of ten adult mongrel dogs The resets were 

TnT tCd J? „ C,ini . CaI reSP ° nSC ' e,ectr <»„y°gra P hic observations! nerve conduclfon 
studies, and light microscopic examination. c lon 



INTRODUCTION 

For many years experimental and clinical evidence has favoured structural support 
about a per.pheral nerve repair. (Anscombe 1970, Brady 1973) The silastic cuff has 
been reported (Ducker 1968) to aid longitudinal alignment "J^^c£*£Xt 
the gross local neuroma formation and reduce ingrowth of adjacent scar tissue atThe 
nerve suture site. Several disadvantages have also been shown to exist following use of 

tt%Tff damaaf n ^ indude ' deve] °P<™< of neuroma proxima to 

25.^5 1 8 t " er T e and ad ^ acent tlssue caused °y cuff movement when placed 
adjacent to moving tendons or joints and finally a second surgical procedure is often 
necessary to remove the nondegradable cuff. 

a . ,T he tech ™W* of structural nerve support by cuffing would be markedly enhanced 
and more widely accepted if the cuff material was biodegradable, of light weight and 
possessing a smooth surface allowing tissue movement with little friction or trauma 
Such a material has recently been demonstrated in humans and animals. The material, a 
copolymer of poly lactic and polyglycolic acids, is a high molecular weight catabo ic 

Si Df 1 o a 7 C 5 tlC , a Q C ' d - ^P?? ° f T ate " aI T lude COntrol,ed "Pid degradation, 
(Cutnght 1975, 1972, Dardik 1970, Ducker 1968), absence of toxicity, (Getter 1972 

lermann 1970, Kline 1964, Kulkarni 1966, Midgley 1968), provides a smooth 

lubricated surface (Miller), is easily fabricated (Morgln 1969, KroSS 1975? and 

can be altered at operation. (Kronenthal 1975, Postlethwait 1970). 

METHOD AND MATERIALS 

The biodegradable cuffs were custom made after determining an average size for 
peroneal and ulnar nerves in similar sized dogs. These cuffs were made with an inside 

^^^l« am ^ ° f thC *™ The ™ ^ - l^and 
♦k- * ThC f r CUfrS were P Iaced on Peroneal and ulnar nerves in ten dogs weighing between 

^^XA D ^Sn£^St.vSk Hm ' Smi " y Sec " on ' 0nl """«' ic w ° to 
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The animals were anaesthetized using one (1) cc/lb methohexital sodium (Brevital 
Sodium). Under standard sterile operating conditions the nerves were individually 
approached and freed by blunt dissection. The intact nerve was elevated clear of sur- 
rounding tissue and stimulated directly with a bipolar stimulation electrode with two 
gold tips 10 mm apart. Duration of stimulus was 0.1 msec at sufficient amplitude to 
wake maximal motor response in the limb muscles. A TECA TE4 direct recording 
electromyograph with isolated nerve stimulator module was used. The display was 
recorded on direct print paper. The recording electrode was a coaxial needle placed in 
the appropriate muscle distal to the level of nerve section. Ground electrodes were 
placed between stimulating and recording electrodes. Motor latency times were deter- 
mined for each individual nerve at the time of surgery prior to nerve section and repair. 
These studies were repeated for each nerve at the time of harvest in order to document 
motor recovery. Also at time of harvest electromyograph examination of appropriate 
limb muscles was done using concentric needle electrodes. 

The surgery and nerve repair was performed using magnification and interrupted 
9-0 nylon epineural sutures. 

The nerve samples were harvested on a schedule varying from eight to twenty-four 
weeks postoperatively. 

All animals were observed daily. All were active and had gained weight at the time 
of nerve harvesting. 




Fig. I. Eight week sample of the biodegradation of a copolymer nerve cuff. 

The biodegradation can be seen as a line of copolymer particles and phagocytic cells (arrows) 
separating the nerve from the outer connective tissue. The suture line is at lower left (A). X 40. 
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RESULTS 

Tissue Reaction to the Cuff 

The^early reaction to the biodegradable copolymer has been discussed in several 
papers (Ducker 1968, Miller, Morgan 1969, Postlethwait 1970). The reaction ha ; been 
I ? 06 t hydr ° ly ,f S and _ Phagocytosis with occasional giant cells and with few 
lymphocyte^ 111 P ol y mor P honuclear leucocytes, plasma cells and 

The reaction in this experiment was similar to that referred to above. The eieht 
week samples showed partial breakdown of the cuff into small particles. These particles 
vere surrounded by many phagocytic cells which dispersed slowly as the material 
hydrolyzed and disappeared in the later time samples. Figs. 1-4 show the breakdown 
sequence from eight to twelve weeks. The final degradation (disappearance) varied over 
a period of three weeks when all samples were considered. However, by eieht weeks it 
was essentially ^degraded to where tissue proliferated through it and it no longer served 
as a barrier to the ingrowth of perineural connective tissue (Fig. 1). 

The proliferation of fibrous connective tissue between the nerve and the inside of 
th i;^ as in a P a, ; a . ,,el fashlon as shown in Figs. 1 and 2. This connective tissue was 
most Mtely epmeural in origin and had not proliferated from perineural sources outside 




Fig. 2. Ten week sample of the degradation process. 

One panicle of copolymer remains (A) phagocytes loaded with the final residue of the material 
be seen as a line which the copolymer formerly occupied. Tissue reaction is minimal. X 130 

Fig. 3. Eleven week samples. 

Only a line of phagocytic cells remain, (arrow) tissue reaction minimal. X 52. 
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Fig. 4. Twelve week sample. 

The last evidence or copolymer found in ihe total study is shown as a line or nhaisocviic celk 
ScarHng. X 5^ 0nneC, ' Ve " SSUC bClWCen ncrVe A and '^ Phagocytic cell] shows litKdence of 

Fig. 5. Nerve alignment at the site oT repair a( eight weeks 

m l a nncr Ji A& U U l XIM. "* ™ ,y occasionnl " ervcs mowing in an undirected 

The distance of the nerve itself from the area of degradation of the copolymer in 
most cases appeared to be greater than necessary for optimum nerve repair or indeed to 
prevent an overgrowth of connective tissue around the nerve inside the cuff (Figs. 1-4). 

The nerve alignment in both control nerves and experimental nerves was 
inconstant. Three experimental junctional sites are shown in Figs. 5, 6, 7. The alignment 
in Fig 6 at eight weeks appears excellent while in Fig. 8 at ten weeks the alignment of 
the individual nerve fibres was less parallel. Fig. 7 at nine weeks shows considerable 
overlapping and loss of typical parallel arrangement. However, evidence of post- 
traumatic neuroma formation is not present. 

Nerve Conduction 

• The nerve conduction studies first showed evidence of motor return in both the test 
and control nerves at approximately the ninth week after section and repair In subse- 
quent weeks there was a tendency for the motor latency time to decrease and Tor the 

tial to increase in amplitude and decrease in temporal 
dispersion. There was a wide variation in the postoperative response from animal to 
animal. Because of the small number of .animals no statistical significance could be 
placed on the results. Also no statistical significance could be documented between the 
test and control nerves. 
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Fig. 6. Nerve alignment shown at ten weeks 

X ^4 eV,dem lhr °^ *«- site^ repair that nerve regenera( . on . 

P. g - 7. Ne rve a,i ?nme „« shown a, nine weeks " ^ ** 

Th, rep„,r „ e snows poor d ^s. ^ ^ ^ 

^rillattn r p7enfial S Ph 4m SS eiSthrn T? - rCVeaIed sharp waves anH 

-e positive sharp waves and SbXtioJSX* I ^"^h PoJ^Z%£? 
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HistopathoJogical Examination 

Each nerve Crnntmi 

each of the following: em s,ldes were microscopically analyzed for 

. b. thickness of flbrotic reaction armmH #1 g P ° f al, S nm ent. 

microns. reaction around the nerve at the iuncfinn-i 

uic junctional site measured in 
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c. width of nerve repair proper at the junctional site measured in microns. 

d. noting if sutures present insuring sections were from junctional site. 

All slides were read blind. The pathologist having never known which were con- 
trols and which experimental. All measurements were taken with a Filar Micrometer 
attachment, calibrated to each lens utilized. 

Nerve alignment: Eighteen experimental and eighteen control peroneal nerves 
allowed for an analysis of alignment as previously described. When the total analysis 
figures for each nerve were added and an average determined the controls and experi- 
mental average numbers were identical. The ulnar nerve was suitable for analysis in 
twenty experimental samples and in eighteen control samples. Again when an average 
number was determined they were identical (see Table I). 

TABLE I 

HISTOPATHOLOGICAL ANALYSIS 

Number of 

Junctional sites Width of 





Analyzed 


Alignment 


Fibrosis 


Nerve Repair 




Figures are Averages 






Peroneal Experimental 


18 


2.2 


5 10 microns 


1410 microns 


Peroneal Control 


18 


2.2 


7 14 microns 


2287 microns 


Ulnar Experimental 


20 


2 


886 microns 


2548 microns 


Ulnar Controls 


18 


2 


1043 microns 


3000 microns 



Fibrosis: The amount of fibrosis around the junctional sites was assessed and 
averaged. In both nerves the experimental junctional sites were judged to have more 
fibrosis than the corresponding control sites. Similarly eight control sites showed more 
fibrosis than the corresponding experimental sites (see Table 1). 

Width or nerve repair: The nerve measurements were done by microscopically 
selecting the best cross section of nerve and then measuring, at the site of junction, the 
fibrous connective tissue thickness outside the nerve itself. Although not a highly reli- 
able procedure, when done uniformly throughout the slide analysis, the experimental 
nerves scored lower than the controls in both nerves indicating less fibrosis (Table 1). 

Histology: In thirty-six nerves studied the pathologist was able to find evidence of 
the perineural sutures in thirty cases. Thus indicating the exact site ofjunction. In three 
additional samples the site of junction was identified. In the other three it was difficult to 
determine if indeed the junctional site was exactly identified. 

DISCUSSION 

The biodegradable cuffs were easily utilized with standard operating arma- 
mentarium. The tissue reaction to the cuffs throughout was minimal. The average 
fibrosis measurement was uniformly lower in the experimental nerves. This indicates 
that the use of the cuff is advantageous and decreases fibrosis and scarring. 

No difference in alignment was found between the experimental and control nerves. 
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»r<J»?»f S W< ? T entia " y degraded by eight weeks at which time they no longer 

th?n1n of nZ'L t 6 n n8r0Wth , ° f fibr ° US connectiv « tissue. Some sample's showed a 
thin l.ne of phagocytic cells at twelve weeks as the last evidence of the copolymer. 

Size of the cuff: Ducker and Hayes (1968) state in the dog that the maximum 
direct axonal spanning of the laceration site without connective tissues or m h.wS 
up wa S achieved utilizing tubes whose internal cro^^^^^Z^ 
In this study an attempt was made to achieve a similar relationship but man of the 
tissue sections revealed a build up of connective tissue running parallel to the nerve and 
located between the cuff and the epineurium. The authors question i th relaUo ship is 

cuffs SoTJT^ if U C °, Uld bC Partia,,y P™ented with smaller nsdedamet 
cuffs. Some of our earlier work confirms that when the cuff is snugly applied to the 

271 ^ 3 . k 6 ^ 0 " 13 deVe ' 0pS J ' USt pr °* imal to the cuff ^fore biodegrada ion of Se 

crilrandlmacrac^,- 'f " ^ the diamete ' -lationsh p i 

critical and from a practical, clinical point of view difficult to achieve. 

Conduction studies: The authors were unsuccessful in showing anv statistical 
difference electrically between the cuffed versus standard nerve repairs T^eiuTmen 

In h ' n,,S ° rs °P» listi "tion to show any difference or 1 e slmpk w Ttoo 

small or there ,s no change in the results with the addition of the cuff to the nerve repa ~ 

CONCLUSIONS 

This study on repair of peripheral nerves has demonstrated the following- 
mentarium. bl ° degradab,e CUff is readi, y with conventiona. surgical arma- 

b. tissue tolerance to the cuff is high. 

c. Fibrosis around the nerve is less with use of the cuff. 

^ d. Exact microscopic nerve alignment is difficult to achieve even with magnifica- 

e. No increase in conductivity could be demonstrated utilizing the cuff RefWH 
nerve conduction techniques may help differentiate the cxperimenMu. £ »S 

1 util^Ve^ diameter "ot appear to be optimally 2 to 

needed. ^ deVd ° pment ° f better methods ° f evaluating peripheral nerve reponses is 

t 
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